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Abstract—Occupational exposure to toxic fumes of leaded 
gasoline has become a major public health concern. These fumes 
contain tremendous life threatening toxins, which can cause 
abnormal alterations in the functioning of many vital organs. The 
current study intended to find out any changes in the 
hematological and biochemical profile in correlation to the Blood 
lead levels among individuals occupationally exposed to gasoline 
and gasoline vapors as a fist line risk group. The mean Blood lead 
level among gasoline station workers (𝟔. 𝟐 ± 𝟓µ𝒈/𝒅𝑳), was 
significantly higher (𝑷 = 𝟎. 𝟎𝟏𝟕) than controls (2.1 ± 6.4 µg/dL), 
and there was a significant (𝑷 = 𝟎. 𝟎𝟎𝟑) increase in Blood lead 
level (𝟏𝟎. 𝟔 ± 𝟑. 𝟗 µ𝒈/𝒅𝑳) of smoking workers compared to non-
smoking workers. The latter is above the permitted value for 
adult individuals. The workers had higher (𝑷 = 𝟎. 𝟎𝟏) 
concentration of hemoglobin (𝟏𝟓. 𝟗 𝒈𝒎/𝒅𝑳), whereas, other 
hematological counts were within the normal limits. Serum 
alkaline phosphatase and uric acid were significantly higher 
among the workers (𝟑𝟑𝟖 ± 𝟒𝟗. 𝟓 and 𝟔. 𝟏 ± 𝟏. 𝟕) with P-value of 
(𝟎. 𝟎𝟎𝟎𝟏 and 𝟎. 𝟎𝟑𝟖 respectively), whereas, no statistically 
significant differences were found among serum alanine 
transaminase, aspartate transaminase, creatinine, cholesterol and 
albumin. 
Index Terms—Occupational exposure, leaded gasoline, 
hematological & Biochemical findings, gasoline station workers.  
I. INTRODUCTION 
Lead (Pb) is one of the oldest chemical toxins and a harmful 
environmental pollutant. It is found almost everywhere 
(Nordic Council, 2003; Karrari, Mehrpour and Abdollahi, 
2012). Although, Lead is one of the most useful industrial 
elements, but serves no useful function in the human body 
(Mahmoud, 1997). In fact, it is not degradable in nature and 
will thus, once released to the environment, stay in circulation. 
While naturally occurring, it can be released to the 
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environment as a result of many industrial processes such as 
production of batteries, paints, varnishes and as anti-
detonation agent in gasoline (U.S. Dep. of Health and Human 
Services, 2007; Cabaravdic, et al., 2010). Gasoline is the 
common term for petroleum fuel used mainly for internal 
combustion engine it is complex, volatile and contains more 
than 500 saturated or unsaturated hydrocarbons having from 3 
to 12 carbon atoms. The Majority of its noxious risk comes 
from breathing exhaust fumes, evaporative and refueling 
emissions rather than from irregular skin contact from spills 
(Amal, 2009) Although, leaded gasoline is phased-out in many 
significant regions of the world such as, USA and Europe, 
lead is still used as an additive to benzene to help reduce 
engine knocking and boost octane ratings in many developing 
countries, including Iraq and Kurdistan region. Occupational 
exposure has become one of the characteristics of the modern 
life, nowadays human being are exposed to many types of 
environmental pollutants at different stages of their life span 
and at different levels. Unfortunately, the majority of them are 
harmful. One of the oldest harmful agents known to mankind 
is lead. Unfortunately, day by day the amount of air emissions 
of lead and other harmful exhausts from vehicles are now 
increasing in an unacceptable manner in Iraq and Kurdistan, 
because of an increased motorization and urbanization, which 
ultimately, leads to excessive emission of more and more 
noxious gases and other unsafe fumes. Despite all of these 
hazards, yet, we lack a clear and strict regulation to maintain a 
healthy occupational and general public environment.  
In Sulaimaniya city, leaded gasoline station workers are 
occupationally exposed to many hazardous and noxious fumes 
on a daily basis during their work hours at the filling stations. 
They almost lack the protective measures at work place, 
because of either their carelessness or the equipments are not 
provided, or as a result of the lack of education about the 
health issues of daily leaded gasoline and benzene exposure. 
In order to give awareness about some one’s recent exposure 
to this metal, blood lead level (BLL) provides the best 
parameter (Lynda, et al., 2011). According to the Centers for 
Disease Control and Prevention (CDC), an elevated BLL is 
defined as ≥ 10 𝜇𝑔/𝑑𝐿. While In children, BLLs must not 
exceed 5 μg/dL. An increase in BLL ≥ 10 𝜇𝑔/𝑑𝐿 or even 
lower, have been associated with developmental delays, 
deficits in behavioral functioning, decreased stature, and 
diminished hearing acuity and difficulty learning (Amal, et al., 
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2009; Hamad, 2008).  In fact, no safe BLL in children has 
been identified (CDC, 2013). Exposure to leaded gasoline can 
be harmful to most body systems, absorbed primarily through 
respiratory and digestive routes and interfering with cellular 
function and metabolism. Elevated BLL produce harmful 
effects on hematopoietic, hepatic, renal, reproductive, and 
gastrointestinal systems (Hernandez, et al., 2003). Many 
recent studies concluded that chronic exposure to lead is 
associated with adverse effects on renal function impairment 
and increased serum uric acid level in laboratory animals and 
man (Ali Khan, 2013; Alasia, Emem-Chioma and Wokoma, 
2010).
  
There is controversy concerning the direction of 
change of renal function parameters following chronic lead 
intoxication. Chronic exposure to high BLL leads to adverse 
effects on renal function and the hematopoietic system in both 
animals and humans (Odigie, et al., 2004; Elwood and 
Gallacher, 1984). Others concluded that Chronic lead 
exposure causes hypertension, abnormal changes  in lipid 
profile, atherosclerosis and cardiovascular disease, which are 
associated with, and, in part, due to oxidative stress(Zhenmin, 
et al., 2004; Lynda, et al., 2011). Concerning the 
hematological adverse effects many studies concluded a 
decrease in Hemoglobin content and hematocrit value in 
parallel manner with decrease in red blood cell count. , an 
increase in, the WBC count (Abdel Aziz, Al Agha and 
Shehwan, 2006).
 
The International Agency for Research on Cancer (IARC) 
has determined that inorganic lead is probably carcinogenic to 
human (U.S. Dept. of Health and Human Services, 2007). 
According to The World Health Organization (WHO), Human 
exposure to gasoline has been associated with a range of acute 
and long-term adverse health effects and diseases, including 
cancer and aplastic anemia. Chromosomal aberrations and 
sperm abnormalities. (WHO, 2010). On the other hand, 
benzene in the regular fuel, which is a widespread 
environmental chemical associated with increased risk of 
hematological malignancies, particularly with acute myeloid 
leukemia (U.S. EPA, 2009; Carugno, et al., 2012). Based on 
the above literature about the health risks of leaded gasoline 
exposure, the current study intended to find out any changes in 
the hematological and biochemical profile in correlation to the 
BLL among persons occupationally exposed to gasoline and 
gasoline vapors as a fist line risk group. 
II. MATERIALS AND METHODS 
The present study was conducted from January 2013 through 
July 2013, and intended to recognize the risk factors 
associated with leaded gasoline exposure and to determine 
biochemical and hematological profile among gasoline station 
workers in Sulaimaniya city. The methodology used in this 
study involved questionaries’ data gathering, as well as, 
collection, preparation, and storage of the blood samples. It 
also included the different laboratory tests that were used to 
investigate biochemical, hematological and BLL profile 
among occupationally exposed gasoline station workers. The 
participants were given a prior insight about the aim of the 
study and the contribution was elective. Also, each of them 
received a copy of their results with some interpretation. The 
study sample included 34 randomly selected filling-pump 
workers at ten gasoline stations located in Sulaimaniya city. 
Having mean age of (32 ± 11) years with average serving of 
(4 ± 4.7) years in   gasoline stations and average daily work of 
about 7 hours. The questionnaire for each subject was filled 
included, age, duration of work, safety measures, smoking 
habits and self-reported complains. Conversely, sixteen   
individuals with average age of (34 ± 9) years from general 
population of Sulaimaniya residents who almost have no 
history of being worked at gas stations and matching the 
experimental group in age and sex were enrolled as a control 
group. Complete blood counts were obtained from the whole 
blood specimens at the same day of collection, using 
automated hematology analyzer from SWELAB, Sweden.  
Serum Alanine Transaminase (ALT), Aspartate 
Transaminase (AST), alkaline phosphatase (ALP), creatinine, 
albumin and uric acid were analyzed in Medya clinical 
laboratory by using KENZA 240 TX/ISE chemical auto 
analyzer, BioLabo, France. While the BLL were obtained by 
diluting one milliliter of serum in 9 milliliter of deionized 
water, later the value of each sample were obtained by using 
Inductively Coupled Plasma-Optical Emission Spectrometry, 
OPTIMA 2100DV from Perkin Elmer. The statistical analysis 
used was included independent-test to compare means. The 
data were analyzed by using the Statgraphics Plus Version 4.0. 
The P-values less than 0.05 were considered significant. 
III. RESULTS 
A. Blood Lead Level 
Out of the 12 stations, the workers at 10 stations accepted to 
give blood samples for BLL, biochemical and hematological 
analysis. In general, the protective measures in the stations 
were very low or sometimes absent. This, in turn, may 
contribute in development of health complaining of some 
workers. The most frequently self-reported health complaints 
were respiratory issues; especially dyspnea, fatigue, cough, 
irritability, red eyes and head ache. It is worthy to be 
mentioned that the majority of these complaints were appeared 
after the period of working at gasoline stations. The results of 
the present study revealed, a statistically significant increase 
(𝑃 − 𝑣𝑎𝑙𝑢𝑒 =  0.017) in the mean BLL value among gasoline 
station workers (6.2 ±  5µ𝑔/𝑑𝐿), when compared to mean 
BLL of control group (2.1 ± 6.4 µ𝑔/𝑑𝐿), as shown in Fig. 1.  
Among the studied sample of workers, the smoking 
individuals (𝑛 = 7) had higher (𝑃 = 0.003) mean of BLL 
(10.6 ± 3.9 µ𝑔/𝑑𝐿), as well as, the symptoms were more 
intensive among them when compared to non-smoking 
workers (4.8 ± 5.7 µ𝑔/𝑑𝐿). See Fig. 2. 
The BLL distribution among both studied groups are 
presented in Table I. A remarkable percentage of the workers 
had their BLL located within the higher ranges. Forty one 
percent of workers had BLL in between 1-5 µg/dL, while only 
6% of controls having the same BLL range. The BLL range of 
5-10 µg/dL was presented in 26% and 6% of workers and 
controls successively. As well as, 26% of workers had BLL 
located between 10-20 µg/dL versus 12% of controls. 
Labor duration and exposure of gasoline station workers in 
relation to their BLL values are represented in Fig. 3.  As an 
8  http://dx.doi.org/10.14500/aro.10036 
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average, the workers were served for (4 ± 4.7) years in 
gasoline stations along with average daily work of about (7) 
hours. As a percentage fraction, 40% of workers served for 

















TABLE I  
DISTRIBUTION OF BLL VALUES OF BOTH STUDIED GROUPS  
 
BLL  µg/dL 
 
Control n (%) Workers n (%) 
<1 12(75) 2(5.88) 
1-5 1(6.25) 14(41.2) 
5-10 1(6.25) 9(26.5) 
10-20 2(12.5) 9(26.5) 
 
 
Fig. 3.  Blood lead levels of workers in relation to their work period (n=34). 
 
B. Hematological profile 
Anti-coagulated fresh blood samples were analyzed at the 
same day of collection for obtaining complete blood count; the 




MEAN VALUES OF HEMATOLOGICAL PARAMETERS OF BOTH STUDIED GROUPS  
  *standard deviation, ** significant. 
 
 
The statistical analysis showed significant increases (𝑃 =
0.01) in hemoglobin (Hgb) content of the worker’s blood in 
comparison to controls. Oppositely, no significant differences 
were found between the total red blood cell count (RBC), 
hematocrit value (HCT), mean corpuscular volume (MCV), 
mean corpuscular hemoglobin (MCH), mean corpuscular 
hemoglobin concentration (MCHC), blood platelet count 
(PLT), mean platelet volume (MPV),total and differential 
white blood cells (WBC).  
C. Biochemical parameters 
Liver function tests  
The activities of some liver enzymes in controls and gasoline 
station workers are   shown in Fig. 4. The mean level of serum 




















Hgb 15.1 19   
RBC 5.2 0.29  
HCT 44.8 2.6  
MCH 28.7 1.3  
MCHC 34.1 1.27  
TWBC 8066 1769  













Hgb 15.9 1.02 0.01 ** 
RBC 5.4 0.38 0.09 Non 
HCT 44.2 3.3 0.39 Non 
MCH 29.7 2.4 0.61 Non 
MCHC 36.1 1.07 0.42 Non 
TWBC 7400 1649 0.15 Non 
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ALP of the workers (338 ± 49.5) was significantly higher 
(𝑃 = 0.0001), in comparison to the control group (257 ± 
43.6).Whereas, no statistically significant differences (𝑃 =
0.46 and = 0.66) were found between the mean levels of the 
ALT and AST (49 ±  80 and 33 ±  23.8, respectively). As 
well as, no statistically significant (𝑃 = 0.78) differences 
found between the total cholesterol of the workers and control 









The mean level of serum uric acid in gasoline station workers 
(6.1 ± 1.7) was statistically higher (𝑃 = 0.038), compared to 
the control group (4.9 ± 0.87), whereas, no statistically 
significant differences (𝑃 − 𝑣𝑎𝑙𝑢𝑒 = 0.08) was found 
between the mean level of serum creatinine in both workers 
and control group (0.7 ± 0.6 and 0.8 ± 0.9, respectively). As 
well as, no statistically significant (𝑃 = 0.18) differences 
found between the serum albumin of the workers and control 







Fig. 5.  Mean values of some renal function-related parameters among both 
studied groups. 
IV. DISCUSSION 
Sulaimaniya city experience serious and continuously 
increasing environmental and occupational problems.  
Gasoline station workers are regularly exposed to many 
hazardous toxins and noxious vapors, among the most risky 
toxins are those of lead and benzene fumes. Which they can 
cause abnormal alterations in the functioning of many vital 
organs (Abdel Aziz, Al Agha, and Shehwan, 2006; Ali Khan 
et al., 2011) and they are    associated with increased risk of 
hematological malignancies, particularly with acute 
nonlymphocytic (myeloid) leukemia (Baan, 2009). 
Unfortunately, the majority of the workers   are neglecting 
or lacking the protective safety measures such as; facemasks, 
protective cloths, gloves and washing themselves after 
finishing their working shift. In turn, this carelessness makes 
them more susceptible to those toxic fumes. The results in the 
present study indicate that BLL are significantly higher among 
gasoline stations workers (6.2 µ𝑔/𝑑𝐿) when compared to 
control subjects (2.1 µ𝑔/𝑑𝐿). Though, according to CDC 
these values are within accepted level of BLL. In a similar 
study done in Basrah-Iraq, Al-Rudainy, (Al-Rudainy, 2010) 
found an elevated BLL (14.1µ𝑔/𝑑𝐿), among benzene 
workers, which is higher than the results of current study, this 
differences may belongs to the geographical variations and 
toxic exposures of Gulf war weapons. A part of this increase 
may belong to the regular daily inhalation of leaded benzene 
fumes and neglecting the protective measures. Non- 
surprisingly, among the workers of the present study, the 
smoking individuals had higher mean of BLL (10.6 µ𝑔/𝑑𝐿), 
which is according to CDC is an elevated level of BLL. As 
well as, the clinical symptoms were more intensive among 
them when compared to non-smoking workers. Since the 
inhalation of benzene and cigarette smokes together may have 
augmentation effects on the accumulation pathways of lead in 
the body (Grandjean, Niels and Hanne, 1981).  
Regarding the hematological findings, the current  study 
showed an increase in Hbg concentration among workers 
when compared with the control subjects, which came in 
parallel with some other recent finding (Uzma, et al., 2008; 
Hamad, 2008 and Pesatori, et al., 2009). In contrast, the counts 
of RBC, HCT, MCH, MCHC, MCV, PLT, MPV, WBC and 
differential WBC counts, were within the normal ranges and 
had no significant differences with those of controls. The 
analysis of biochemical parameters showed a significant 
increase in the concentration of ALP among the workers. 
Alkaline phosphatase in healthy adults mainly derives from 
liver, bones and in lesser amount from intestine, kidneys, 
leukocytes and placenta. An increase in alkaline phosphatase 
level is frequently associated with a variety of diseases, such 
as intrahepatic cholestasis, extra hepatic bile obstruction, and 
hepatitis (Ali Khan, et al., 2013). The reason might be the 
regular exposure to benzene, leaded gasoline and other 
chemical derivatives. While no significant differences found 
between the levels of transaminases ALT and AST among 
both studied groups. These two latter enzymes are most 
frequently measured enzymes which reflect hepatotoxicity 
(Hamad, 2008; Ali Khan, et al., 2013). 
In the present study serum uric acid was significantly higher 
among the workers. This finding is consistent with other 
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findings. Which may be due to degradation of purines and 
pyrimidines or to an increase of uric acid level by either over 
production or inability of excretion (Abdel Aziz, Al Agha and 
Shehwan, 2006), whereas, serum creatinine and albumin were 
within the normal ranges and had no significant differences 
with those of controls. Although the overall results of the 
current study are generally consistent with many of previous 
studies, it might be much more reliable and intensive if we 
evaded some limitations in the method we applied such as the 
sample size, cost, multi-source gasoline and other interfering 
factors for example, allocation of different sources of lead 
exposure other than gasoline stations alone.   
V. CONCLUSION 
Blood lead levels are slightly elevated among gasoline station 
workers in Sulaimaniya city and the smoking workers had 
higher BLL. As well as, the workers had higher hemoglobin 
concentration. While other hematological parameters were 
within the normal ranges. The concentrations of serum ALP 
and SUA were significantly higher among the workers. 
Whereas, normal levels of the serum creatinine, albumin, total 
cholesterol, ALT and AST enzymes were found among them. 
A clear educational and protection policy is required for those 
who are occupationally exposed to benzene and other noxious 
gasoline vapors. 
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